Résumé. 2014 Abstract. 2014 Thermally Stimulated Depolarization (TSD) measurements with a superimposed piezoelectric noise allowed us to identify the ferroelectric-to-paraelectric phase transition in vinylidene fluoride/trifluoroethylene (VDF/TrFE) copolymers, with different molar ratios. A second peak was also detected in TSD measurements which maintain the ferroelectric features of the material. Long relaxation processes always accompanied both peaks. Using the initial rise method we calculated the activation energies for these relaxations. We found 0.73 eV for the ferroelectric-to-paraelectric peak transition and 0.33 eV for the other. Two peaks were also observed in the 90/10 mol % VDF/TrFE copolymer. However it is considered, hitherto as having a non ferroelectric conformation. A great amount of charge was recorded in TSC measurements, around the transition temperatures.
Abstract. 2014 Thermally Stimulated Depolarization (TSD) measurements with a superimposed piezoelectric noise allowed us to identify the ferroelectric-to-paraelectric phase transition in vinylidene fluoride/trifluoroethylene (VDF/TrFE) copolymers, with different molar ratios. A second peak was also detected in TSD measurements which maintain the ferroelectric features of the material. Long relaxation processes always accompanied both peaks. Using the initial rise method we calculated the activation energies for these relaxations. We found 0.73 eV for the ferroelectric-to-paraelectric peak transition and 0.33 eV for the other. Two peaks were also observed in the 90/10 mol % VDF/TrFE copolymer. However [8, 9] . This ferroelectric-to-paraelectric (F-P) transition has a first-order behaviour for copolymers with a VDF molar concentration bigger than 60 % [10, 11] . Figure 1 shows the Thermally Stimulated Depolarization curves of the VDF/TrFE copolymers, and the a-PVDF homopolymer. We classify by A and B the peaks according respectively to the permanence or the disappearing of the piezoelectric noise. To present a clear picture, the noise was removed of all the curves drawn in figure 1. The figure 2 presents the measurements of the 70/30 and the 90/10 copolymers with the noise. As we can see it increased with the temperature, in accordance with the piezoelectric effect presented by the VDF/TrFE copolymers [6] . Meanwhile it began to decrease as soon as the B peak The 60/40 copolymer presented only the B peak at 80° C. While it exhibited a long relaxation process for temperatures below its maximum, after it the current quickly fell down. The activation energy of this relaxation process was calculated by the initial rise method, and the found value was 0.73 eV (Fig. 3a) . The [7] . The A peak of the 70/30 copolymer appeared at 102 °C, while its B peak at 108 °C. This B peak had a similar behavior as that exhibited by the 60/40 copolymer, since showed a similar abrupt current decay. The charge associated with this TSD curve was 6.0 J.LC/cm2, From this result were verified that the ferro-toferroelectric transition would not be detected by a direct measurement of the remanent polarization, in spite of its evidence in the TSD measurements. For the other copolymers it was not possible to outline this curve, since the TSD peaks remained unfinished.
The 90/10 copolymer presented two weak and broad peaks in TSD measurements (Fig. 1) Fig. 1 ) was detected before the heating process. The overlapping between the peaks also hindered the calculation for the 8 peak. Finally, figure 1 [14, 15] , or transformation of the crystalline phase of the material [12] . Figures 5(a) (Fig. 5b) (Fig. 5b) is another proof of the first-order character of the phase transition. The charge density decay curves, derived from the TSD thermograms showed in the figure 4 , are in good accordance with the remanent polarization decay curves of VDF/TrFE copolymers [6] .
The B peak showed by the 90/10 copolymers is also probably connected with a F-P transition. However its polarization is relatively weak, showing that this material has a small fraction of the ferroelectric phase. Moreover, it did not present a first-order transition as the previous copolymers.
Related to the A peak a basic question arises : is it simply due to a chain molecular motion, or due to a new structural transition ? Dilatometry studies showed that the F-P transition took place in two stages, or that even there are two transitions [17] .
Based on the TSD measurements presented here, and also in the recent DSC results [16] we suppose that the A peaks of the 70/30 and 80/20 copolymers could be connected to a ferro-to-ferroelectric phase transition. Figure 2 shows that the piezoelectric activity of the samples remained always present during this transition, and as it is well accepted, we assume here that the piezoelectric activity of VDF/TrFE copolymers comes from their ferroelectric phase. This supposed F-F phase transition takes place at higher temperatures for copolymers with small quantity of VDF, while in the F-P transition as the VDF/TrFE molar ratio decreases the Curie temperature becomes lower. The combination of the two temperatures dependence on the molar ratios explains the absence of the A peak in the TSD and TSC measurements of 60/40 copolymer, and that of the B peak in the 80/20 copolymer. 4 .2 RELAXATION PROCESSES. - The long relaxation process connected with the F-P transition had already been studied by dielectric relaxation [18] . It has been explained to be due to molecular motions associated with the crystalline regions, and it was described in terms of a single relaxation process. Its activation energy was calculated to be equal to 16 kcal/mol [18] . Using the initial rise method for the TSD peak of 60/40 copolymer we obtained the value of 0.73 eV (equivalent to 16.6 kcal/mol.). A complete study of the ferroelectric relaxation requires a correct relation of the relaxation time T with the temperature, seeing that near the transition temperature it does not obey the Arrhenius law.
The other peak (A) of the 70/30 copolymer was also joined with a structural transition of the material (corroborated by the results presented in reference [16] ). The 80/20 copolymer also presented the same transition, since the activation energy calculated for both A peaks, gave the same value : 0.33 eV (Fig. 3b) .
We suppose that the A peak of the 90/10 copolymer and of the a-homopolymer should have the same origin, seeing that only a small fraction of TrFE would not cause an evident change on these properties. The likeness between these peaks confirm this supposition. Several papers studied a relaxation in a-PVDF which takes place in the 50 to 100 °C temperature range [19] , and it had been associated with molecular motions. These motions are believed to be executed both by molecules in the chain folds and in the crystalline regions. 4 .3 SPACE CHARGE. -The present paper showed that beside the dipolar orientation, the ferroelectric transitions are also accompanied by a large amount of released charge (Figs. 5) . Thermally Stimulated Current measurements of a-PVDF owing to storage charge had been recorded in several papers [20] [21] [22] , and it is well accepted that molecular motions of this material is accompanied by charge liberation [23] .
However, in the present study the We also detected an unknown TSD peak in the 70/30 and 80/20 mol % VDF/TrFE samples. We supposed that it is probably due to a ferroelectric-toferroelectric phase transition since a very proeminent peak was also recorded in DSC thermogram [16] .
The activation energies calculated from the initial rise method were respectively 0.33 and 0.73 eV for the A and the B peaks.
Thermally Stimulated Conductivity measurements showed that there is a large space charge released during each phase transition. During the heating and cooling TSC cycle of the 70/30 copolymer, we observed a hysteresis phenomenon in the phase transitions indicating their first-order characteristics.
